Banke national park, located in Banke district of western Nepal with an area of 550 sq. km was established as the tenth national park in 2010 A.D. Forest community structure, species diversity and natural regeneration were studied in the Park. A total of 1067 plots at every interval of 200m were laid by line transect method for the study. In each plot three concentric rings of radii of 10m, 5m, and 1m were laid down for the study of trees, shrubs/saplings and herbs/seedlings respectively. The park was floristically rich with a total of 113 species of trees representing 57 genera and 28 families. Similarly 85 species of shrubs including climbers and 107 species of herbs including herbaceous climbers, and grasses were recorded. The obtained results from the size class distribution of the trees resembling inverse 'J' shape indicated the good regenerating capability of the forest in the park. Fifty eight species of saplings and 40 species of seedlings of trees were recorded. From the quantitative study of the trees, the dominant species was Shorea robusta based on IVI (important value index) values, which was followed by Terminalia alata, Anogeissus latifolius, Mallotus philippinensis, etc. The total density stand (D) and basal area (BA) of the park were 291.48 trees/ha and 21.13 m 2 /ha respectively. The highest density (D) and the basal area (BA) of S. robusta was 46.07 trees /ha and 5.07m 2 /ha respectively. The species diversity index (H) of the tree species in BaNP was 1.32, with species evenness (J) of 0.64 and index of dominance (C) of 0.08. A total of seven forest community types were estimated in the Park. The size class distribution diagram of all trees showed right skewed (inverse J shaped) pattern indicating a good regenerating capability of the forest. The regeneration of S. robusta, T. alata and A. latifolius were higher in comparison to other tree species which was indicated by the higher seedlings and saplings density of them. S. robusta was the dominant with saplings density of 200.49 / ha and seedlings density of 27153.4 /ha.
Introduction
Study of forest community structure is very essential in order to manage the forest resources in a sustainable basis, which includes essential features such as structural type, size, shape and both vertical and horizontal spatial distribution (Spies 1998) . Forest structure is both a product of forest dynamics and a template for biodiversity and ecosystem function. Moreover, size-class distributions give better indication of long-term regeneration status than seedling counts (Vetaas 2000) . Degradation of forests manifested through simplified forest structure, biodiversity loss and alteration of forest ecosystem processes and functions occurring in many places (Charnley and Poe 2007) . Population structure, characterized by the presence of sufficient population of seedlings, saplings and young trees indicate a successful regeneration of forest species . Regeneration pattern determines the species composition and stability in the future. Thus for the sustainability of forest, regeneration is important. The regeneration of plant depends mainly upon the average seed output, viability of seeds, seed dormancy, seed dispersal, seedling growth, vegetative growth and reproductive growth. Larger number and proper establishment of seedlings are the most suitable factors for the good regeneration.
Government of Nepal declared Banke National Park as the 10
th National Park of Nepal in 12 th of July 2010. This park together with Bardia National Park provide large protected complex to conserve biodiversity and to support viable population of breeding tigers. The Banke NP is expected to aid in achieving Government of Nepal's goal to double the tiger numbers in Nepal by 2022. The forest belts covering the part of Banke, Bardia, and Dang districts along the Churia range and its foothills are still intact and represent the natural diversity of flora and fauna of the western Tarai.
Study of forest community structure is essential in order to manage the forest resources in a sustainable basis. Similarly, analyses of diversity of forest component, natural regeneration, are important variables to assess the forest status in terms of growing stock, dynamics, forest and sustainable management. Such information would help to facilitate for developing a management strategy of the forest. Prior to being Banke National Park, the area was under the jurisdiction of district forest office, and it went through a series of disturbances (like-illegal logging, cattle grazing, cutting and lopping of fodder species) which otherwise could have reached the succession stage as in many other PAs of Nepal. Thus the present study was sought to inspect the status of forests, analyze species diversity and to assess the regeneration pattern of Banke National Park. The main objectives of this research are to study the vegetation composition and to analyze the quantitative characters of vegetation in the Park, to scrutinize the forest community structure as well as to classify the forest community types, to analyze natural regeneration status of forest in the park.
Study area
The Banke National Park (BaNP) is located in the MidWestern Development Region, in Banke district of Nepal. It is located between 81°39'29" to 82°12'19" east longitude and 27°58'13" to 28°21'26" north latitude. The total area of the park is 550 sq. km. with the buffer zone of 343 sq. km, with headquarters in Obary (Mahadevpuri-7, Banke) and sector office at Chepang and Kusum. The park is linked with transboundary landscape that joins Suhelwa Wildlife Sanctuary of India through national and community forests towards south. It is connected with Bardia National Park of Nepal towards west which further links with Katerniaghat Wildlife Sanctuary in India via Khata corridor, national forest and community forests. It covers parts of Banke (77%), Bardia, Dang and Salyan (23%) districts of the nation. The topography of the BaNP is very diverse, with flood plains, river valleys and gorges, and the Churia hills in between Rapti river in the south and Babai river in the north. Its highest elevation is 1247 m at Kuine ridge/ Phurksalli and the lowest elevation is 153m near Dhakeri. This Park has a sub-tropical monsoonal climate with summer monsoon from mid June to early October followed by a relatively long, cold and dry winter. The temperature variation is high ranging from 10 0 C to 45 0 C in May/June with an average temperature of 23 0 C. The hot humid days gives way to monsoon rains that lasts until September.
This park has two bioclimatic zones -tropical and subtropical zones with an array of eight ecosystem types -sal forest, deciduous riverine forest, savannahs and grasslands, mixed hardwood forest, flood plain community, Bhabar and foot hills of Chure range. There are 124 sp. of plants (88 trees and climbers and 36 shrub species), 34 mammals, more than 300 birds, 24 reptiles, 7 amphibians and 58 fish species. Ninety percent natural forest coverage is composed of mainly Sal, Karma, Khair and Sissoo (MFOSC, DNPWC and WWF, 1998) . BaNP has 14 VDCs as buffer zone from Banke, Dang, Salyan and Surkhet districts. There are about 4,861 households with 35,712 populations residing in buffer zone. About 90% of the economy of people depends on agriculture and rest 10% on trade and labor. The major issues found in this area aredeforestation, encroachment, remoteness, and poverty.
Methodology

Sampling methods
The park was divided into 17 equal grids each of 8 X 8 sq. km (Fig. 2) . The grid was again divided into 16 sub grids of area each 2 X 2 sq. km (Fig. 3) (WWF 2011) . GPS was used to locate the study areas. The data on species were determined in each alternate sub grid by means of sampling in three concentric circular plots (10 m, 5m, and 1m radii as in Fig. 5 ) along predefined clusters of line transects in equal distance of 200m (Fig. 4) . Thus, there were 8 sub grids in each grid for survey. In total 107 sub grids were studied in which 1067 plots were laid, excluding the settlement areas.
Two systematic data forms were used to record topography, terrain type, and vegetation quantitative data. The girths or circumferences of each tree in the sampling plots were measured by a measuring tape. The total number of tree species diameter at breast height 1.37 m; (dbh e"10cm) was noted at each sampling plot of 10 m radius concentric ring. The number of shrub species was counted along each 5 m radius concentric ring and herbs and grasses were counted along each 1 m radius concentric ring. Regeneration of tree species was calculated by counting the seedlings (height < 20 cm) (1 m radius concentric ring) and saplings (height > 20 cm) along 5 m radius concentric ring following Sundriyal and Sharma (1996) . All the species found in the plot were identified in the field as far as possible. For the species, which could not be identified in the field, herbarium specimens were prepared to be identified later by experts and according to the identification keys, relevant texts and other standard literature. Botanical name and author citation was made according to Press (2001) . Doubtful specimens were tallied with the specimens in Tribhuvan University Central Herbarium (TUCH) and National Herbarium and Plant Laboratories, Godawari.
Data analysis
Quantitative analysis
Data obtained from all the plots of each grid were combined with respect to trees, shrubs, saplings and seedlings of trees, herbs and grasses. The species richness and species diversity index were determined. Then the ecological parameters such as density, relative density, frequency, relative frequency, and basal area were analyzed quantitatively from acquired vegetation data by Microsoft Office Excel program. Their relative values were summed up to represent or calculate the important value index (IVI) of each tree species following Mueller-Dombois and Ellenberg (1974) and Zobel (1987) . Further, Correspondence Analysis (Biodiversity Program Professional Version 2) was used to classify the forest community types of the park.
Regeneration status of the forest
Density of saplings and seedlings of each tree species were determined. For the analysis of size class diagram, dbh (diameter at breast height) of all the tree species were categorized into diameter classes with interval of 10 cm where dbh classes and density of each dbh class were used to develop size class distribution diagram. The density and relative density of each tree, sapling and seedling of each species were also determined to estimate the population structure of ten dominant tree species of the park.
Results and Discussion
Vegetation composition and quantitative vegetation analysis
Vegetation composition
A total of 113 species of tree, representing 57 genera and 28 families were recorded within the studied area. Similarly 85 species of shrubs including climber and 107 species of herbs including herbaceous climbers, and grasses were recorded. 
Quantitative vegetation analysis Species diversity index (H), species richness and species evenness
The species diversity of the BaNP was 1.32 (Table  1 ). In the comparative study of sp. diversity index within the studied grids, the highest value of sp. diversity was found in grid 10 i.e. (H) 1.29, which was followed by grid 1 and 11 with diversity index of 1.24 in both ( Table 2 ). The lowest value of diversity index was found in grid 6 (H=0.66).
Similarly the species richness of the park was estimated 113. Grid wise it range from 18 to 50 in grid 6 and grid 10 respectively. Species evenness of the park was found to be 0.64. Grid wise it ranged from 0.7 to 0.85. Lowest species evenness was found in grid 6 (0.7) and highest in grid 17 (0.85). The index of dominance was 0.08 in the whole park. The highest dominance was found to be 0.2 in grid 6 whereas the lowest index of dominance was 0.08 in grids 1, 10, 11 and 17. 
Inde x of dominance
The study of index of dominance (C) showed that the highest index of dominance was recorded in the grid 6 with 0.2. Lowest index of dominance was found in grid 1, 10, 11 and 17; i.e. 0.08. Grid 12 and 14 had index of dominance of 0.12. Grids 3, 8, and 15 had index of dominance of 0.11; whereas grids 2, 4, 7, 9 and 16 had 0.1. Grids 5 and 13 had index of dominance of 0.09. 
Forest community structure
The study on density of trees/ha in the studied sub grids showed that the density of trees ranged from 82.8 -633.8 trees /ha (Table5). The highest density was found in sub grid 1A, with a density of 633.8 trees /ha, followed by 573.2 trees /ha in sub grid 12B, then by sub grid 11F with density of 563.7 trees/ha. The lowest tree densities were found in sub grids 15F and 5F with densities of 89.2 trees /ha and 82.8 trees /ha respectively.
The total stand density (D) and basal area (BA) in the whole park were 291.48 trees/ha and 21.13 m 2 /ha respectively ( 
Frequency of occurrence
The frequency of occurrence of tree species of the park ranged from 0.93 to 89.72% (Table 3 ). The highest frequency was found to be of T. alata with frequency 89.72%, followed by S. robusta with frequency 85.98% and then by A. latifolius with frequency 81.31%. The lowest frequency was found to be of 0.93 % of many other tree species.
Species richness curve
Species richness curve for the whole park showed a sharp increase in tree species richness with increase in sampling plot size ( fig. 7) . It explains that the probability of increasing of species richness was high as the sampling size increased. 
Unique species richness curve
The slope of the unique species richness curve for each study site declined as sampling area increased (Fig.8) . From this observation it could be estimated that the uniqueness of the species of the study area decreased as the sampling size increased.
Fig. 8. Unique species richness curve of the vegetation in BaNP
Sapling and shrub layer
The sapling layer in the studied sub grids ranged from 25.5 -5808.9 trees /ha. The highest sapling was found in sub grid 4C with sapling density of 5808.9 /ha. It was followed by sub grid 4F with density 4203.8 /ha. The third highest density of saplings of the trees was found in sub grid 2C with 4025.5 /ha of the saplings. The lowest sapling density was found in sub grid 15G with density of 25.5 /ha. In the sub grids 8E, 10B, 13A, 13F, 13H, 15 A and 17A there was no any saplings found.
The shrub layer vegetation was less flourished in species richness than trees and herbs with 85 shrub species including climbers. The quantitative study in the sub grids revealed that the proportion of shrub density was higher than the trees. The shrubs density ranged from 25.5 to 2369.4 /ha (Table 5 ). The highest dense sub grid with shrub density was found to be sub grid 8D with density of 2369.4 / ha, followed by sub grid 2E (1834.4 / ha), and then by sub grid 5G (1783.4 / ha). Lowest densities of shrub were found in sub grids 7 H and 17 D with only 25.5 / ha. There was no shrub found in the sub grids 13D and 13 G.
Seedling and herb layer
The seedling proportion was found to be more flourished than any other vegetation layer in the park. The density of seedling ranged from 636.9 -59235.7 /ha. The sub grid 8D was found to be most dense with tree seedlings than any other sub grid with density of 59235.7 /ha, followed by sub grid 2E with 45859.9 / ha and then by sub grid 5G with density of 44586 /ha. The lowest densities of seedlings were found in sub grids 7H and 17D with density of only 636.9 /ha. In sub grids 13D and 13G there was no found of any tree seedlings. The studied park, total 107 species of herbs was recorded. 
Forest regeneration
Size class distribution
The size-class distribution of stems for combined data of the park showed a right skewed and reverse Jshaped distribution with continuous declining frequency in succeeding higher size class except for size class 20-30 cm (Fig 11) . Fig. 9 . Tree diameter distributions.
Sapling/ seedling density
A total of 58 species of saplings and 40 species of seedlings of trees were recorded in the study area. The density of seedlings (SeD), saplings (SD) (/ ha) and relative density (RD) were highest for Shorea robusta (with SD of 200.49 /ha, SeD of 27153.4 /ha and RD of 58.5) ( Table 1) . It was followed by Murraya koenigii with SD 125.36 /ha and RD of 16.88 and then by Terminalia alata with SD of 92.62 /ha and RD of 12.47. While in SeD S. robusta was followed by T. alata with SeD of 5375.32 /ha and RD of 11.58, which was followed by M. philippinensis with SeD of 4652.06 /ha and RD of 10.02.
Population structure of dominant tree species
The population structure from the relative proportion of individual ten dominant tree species was depicted. The dominant tree species, S. robusta exhibited higher proportion of seedlings and comparatively low density of saplings and tree population. 
Vegetation composition and quantitative analysis
The number of shrub species was less than that of the number of tree species and herb species but the number of tree species was found higher than the number of herb species. Similarly in the study area the species evenness (J) ranged from 0.7 -0.85. The high species number in the studied forest may be due to grazing by livestock, since mild disturbance might increase species richness (Connel 1978 , Petraitis 1989 . Niroula (2004) , Shrestha (2003) and Bashyal (2005) found number of tree species less than that of shrub and herb species in Siwalik hills of Illam, Barandabhar Community Forest in Chitwan and tropical forest of Palpa district respectively. However, Karki (2004) found higher number of tree species than shrubs and herbs and higher species number of shrubs than herbs in the National park forest and community managed forest of western lowland (Bardia district) of Nepal.
The basal area is an important criterion for evaluating the timber production in forest ecosystem (Agrawal 1992) , an indication of the natural fertility of the site (Bruening 1968) and maturity/age group of the forests. The estimated basal area of the studied grids of BaNP ranged from 9.99 m 2 /ha (grid 15) to 35.69 m 2 /ha (grid 8). The average BA of the park was 21.13 m 2 /ha (Table 1 ). This average BA of the park was quite similar to several other reports for S. robusta forests, for example, BA of 29-36 m²/ha for sal forests of Bardia National Park (Aryal 1997), 37.28 m²/ha for Churia forest in eastern Nepal (Bhuju & Yonzon 2000) . But in contrast, it was lower than the value of BA 63.86 m 2 /ha reported by Bashyal (2005) for tropical forest of Palpa district and 76 m 2 /ha as reported by Sejuwal (1994) in the S. robusta forest of Chitwan National Park.
The IVI of present study revealed that S. robusta, T. alata and A. latifolius were ecologically most important species and implied their high ecological success and competence over other less common associated species. Importance value index (IVI) in the BaNP was lower than IVI of Sal in a forest of Inner Terai (127) reported by Acharya (2007) .
Forest community structure
Total density of the tree species in the study area ranged from 82.8 to 633.8 plants/ha which was very lower than in Churia forest of Rupandehi district (1092 -1153 plants/ha), Marasini (2003) and in tropical forest of Palpa district (654 plants/ha), Bashyal (2005) . But this value was higher than the value reported for sal forest by Giri (1999) in Bardia National Park (258 -384 plants/ha). Lower total tree density in the present study area than the reported values for tropical forest might be due to over exploitation of the studied forest in the past. The highest densities were found to be of tree species like S. robusta, followed by A. latifolius T. alata, A. catechu, M. philippinensis, and B. latifolia etc. The low density of O. oojeinense may be due to its specific use for making plough by local people. The population of tree species like W. coriacea, Rhus succedanea, Psidium guajava, Grewia oppositifolia, Ficus spp. etc. were lower, so they were rare species of the park. So, such species should not be harvested during fodder collection by the locals or FUGs.
Seedlings of tree species like S. robusta and T. alata were frequently distributed with highest density among the seedlings of tree species. So it had high regeneration capacity and could exploit environmental conditions efficiently for seed germination and seedling establishment. The seedling density of the park ranged from 634-59235.7 /ha. From the study it was found that the regeneration of the park was good. Rautiainen (1996) and Webb and Shah (2003) also reported good regeneration of Sal in the Terai of Nepal. However, regeneration potential of other trees was very low since the combined densities of seedlings of all other trees were very low as compared to S. robusta, A. latifolius and T. alata. Timilsina (2007) also reported low mean seedling density (0.861 pl/m 2 ) of all other tree species in comparison to Sal (7.0462 pl/m 2 ) in Sal forest of western Terai.
Among the herbs, Phoenix humilis, Urena lobata, Cyperus rotundus, Eragrostis cyanosuroides, Cyperus cyperoides, Trachelospermum lucidum, were the most common species in the park. There were also some herbs with medicinal values in the park such as Asparagus racemosus, Cyperus rotundus, Dioscorea bulbifera, Mentha arvensis, Vetiveria zizanioides etc. The higher presence of Phoenix humilis and Urena lobata among the other grasses might be due to sunny and exposed area with open canopy because light availability was the most important environmental factor related to graminoid distribution (Pivello 1999).
Grasses had underground diffuse rhizomes and can thereby survive fire and other drought conditions (Bihari & Lal 1989) .
Forest Regeneration
The regeneration of S. robusta, T. alata and A. latifolius were recorded higher as compared to other tree species which was indicated by the higher seedling and sapling density of them, but highest was that of S. robusta. Canopy coverage was one of the best criteria for judging the status of the forest regeneration, as it might be responsible for light to reach forest floor. Since S. robusta is the light demanding species due to grazing resulted in a forest with more openings and gaps, leading to a higher abundance of large trees and fewer saplings which allow sufficient demander species. Solar radiation plays a vital role in the germination and establishment of seedlings. It has been reported that control of fire, grazing and human disturbance seems to have favored seedling survival and to escape from the so called Sal 'die-back' phenomena (Acharya 2001) . Seedlings of S. robusta were abundantly present which might be due to thin litter and open canopy but other tree species had less number of seedlings.
Although the forest had high regeneration potential, all established seedling did not get the chance to develop into sapling stage which may be due to high human interference like grazing, trampling, forest fire, lopping and unsustainable harvesting of forest resources. All seedlings cannot survive due to harsh environmental condition and cannot compete with grasses for limited resources.
Conclusion
The park was mixed forest dominated by tree species S. robusta, T. alata and A. latifolius. Its floral diversity was fascinating with total 305 species of vascular plants with 113 trees, 85 shrubs and 107 herbs species. The regeneration potential of the park was high despite of high grazing and other human activities. The finding of 58 species of saplings and 40 species of seedlings of trees in the park and obtained result from the size class distribution of the trees resembling inverse 'J' shape indicated the good regenerating capability in the park. Further, the domination of the shrub stratum by some tree saplings also indicated good regeneration and self-maintenance ability of the forest.
Thus, the analysis of species composition, diversity, forest structure, and regeneration gave the clear picture on forest condition and dynamics of the park. This information would help to facilitate for developing a management strategy of the park in future. Effective forest conservation activities are necessary to maintain species diversity, forest regeneration and for sustainable management of forest in the park.
